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Abstract

Generation of femtosecond and picosecond electron bunches has been investigated for a light source based on electron
bunches and improvement of time resolution in time-resolved measurements. Measurement of time profiles of such
electron beams and radiations are applied to not only accelerator experiments but also detection of fusion reaction history.
In this study, single-shot measurement of terahertz (THz) electric field around electron beam of 35 MeV was studied.
Visualization of spatio-temporal electric field around an electron beam was demonstrated.
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Figure 1: Diagram of electric fields around an electron
beam derived by Liénard-Wiechert potentials (LWP) and
Lorentz transformation (LT). Electric fields are generated
again soon after the electron beam in the measurement
system because of a metallic boundary condition.
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Figure 2: (a) Diagram of an electro-optic (EO) sampling
for electron beam. Electric field component in [-1 1 0] axis
around the beam was measured using a polarization change
of a probe laser due to a birefringence of an EO crystal.
Tips’ trajectories of electric field vectors are shown for a
probe laser induced by a retardation in the EO crystal [15].
(b) Diagram of configuration among index ellipsoid, THz
electric field, and probe laser polarization. The index
difference between the fast and slow axes (An) is 1.2 with
assumptions of electro-optic coefficient (r4) of 4 pm/V,
electric field strength of 10 GV/m, and linear response
without destruction due to the field (solid line). Axes of y’
and z denote crystal orientation.
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Figure 3: Optics of the single-shot measurement of the
electron beam. Copyright 2022 NPG. Reprinted with
changes from an open access reference [3].
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Figure 4: Comparison of the spatio-temporal profiles of (a)
the experimental result and (b) numerical simulation at a
condition of the distance of 204 mm between the Ti
window and ZnTe. Axes of Z and T are longitudinal
direction for the electron beam. The origins correspond to
the beam center. Copyright 2022 NPG. Reprinted with
changes from an open access reference [3].
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